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EXECUTIVE SUMMARY

This report describes the contributions, core competencies and capabilities of

the U.S. Army Research Institute of Environmental Medicine and this Institute's

commitment to protect, sustain and enhance the health and performance of the

soldier. The Institute's mission focuses on two of the four major threats to the

warfighter; environmental and occupational. The significance placed upon

environmental threats is described in Army Field Manual 100-5, June 1993: "... U.S.

Army forces must be prepared to fight and win on short notice anywhere in the world,

from blistering deserts, frigid wastelands, in rain forests, tundra, mountains, jungles

and swamps ... Environmental threats to the individual soldier are addressed with

militarily relevant historical discussions of injuries and: casualties incurred by military

forces operating or deployed to harsh environments of extreme heat, cold and high

terrestrial altitude within the research disciplines of thermal and altitude physiology and

medicine. Occupational threats are presented in relationship to the dimensions of
individual's physical capacity, physical and cognitive performance and the multi-

stressors associated with continuous and sustained operations. The impact of these

threats is studied within the research disciplines of military occupational physiology

and physical performance; occupational medicine; military performance and

neuroscience; and military nutrition. The products of this research Institute draw
heavily upon the knowledge gained by its medical research staff over the past forty

years In laboratory and field studies and by scientists and engineers that have

accompanied troops deployed around the world in training, peacekeeping and combat

operations.



BACKGROUND

The U.S. Army Research Institute of Environmental Medicine (USARIEM), a
subordinate of the U.S. Army Medical Research and Materiel Command, was

activated in Natick, Mass., in 1961, as a composite of elements from former medical
(Armored Medical Research Laboratory (AMRL), Ft. Knox, Ky.) and quartermaster

(Climatic Research Laboratory (CRL), Lawrence, Mass.) laboratories (7). The

establishment of USARIEM fulfilled the vision that both medical and clothing research
would be collocated and integrated to maximize scientific return for the government's

financial investment. This vision remains today in that USARIEM is collocated as a

tenant organization with its host the U.S. Army Natick Research, Development and

Engineering Center (NRDEC) (7).

Another important predecessor of USARIEM was the Harvard Fatigue

Laboratory in Cambridge, Mass., a civilian laboratory formed in response to climatic
problems encountered by armed service personnel during the First and Second World

Wars. Its investigators were the first to use a multi-disciplinary (physiology,

biochemistry, medicine, and psychology) approach to study human adaptations and

work/performance capabilities and limitations at environmental extremes (8). Today

USARIEM investigators continue to employ this unique multi-disciplinary approach to
solving problems faced by today's warfighters.

MISSION

USARIEM's mission focuses on two of the four major warfighter threats,
environmental and occupational. The Institute conducts basic and applied research in

environmental pathophysiology; physiology and medicine; biophysics and biomedical

modeling; and occupational health and performance. Environmental research focuses

on sustaining, protecting and enhancing the health and operational performance of

United States forces exposed to extreme heat, severe cold, and high terrestrial

altitude. Occupational health and performance research focuses on: occupational
physiology/physical performance; occupational medicine; military performance and

neuroscience; and military nutrition; to sustain, protect and enhance warfighter

performance.
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Historical accounts, climatological data and topographical perspectives of

environmental threats to military forces are a testament to the impact of environmental

extremes on military operations.

HEAT

During World War II, over 35,000 American soldiers required hospitalization for

heat injuries, and 238 of these soldiers died. More recently in Grenada, 29-48/1000/

soldier days were treated for heat-related injuries at Battalion Aid Stations (9). During

training in desert climates, 7/1000/soldier days are treated for heat-related injuries

compared with 15/1000/soldier days during training in tropical climates (9,10). If a

military force does not implement proper hot-weather doctrine, the effects can be

devastating; for example, 20,000 Egyptians suffered heat-related deaths during the

six-day 1967 war with Israel (9,10).

Another perspective of the potential for heat injury is seen from climatological

data. Assuming that acclimatized soldiers in Battle Dress Uniform (BDU) are

performing light to moderate work, approximately 52% of the global land area has the

potential to cause heat injury. This land area percentage would increase substantially

if chemical protective posture (MOPP) scenario is assumed. In addition to nearly

continuous heat-stress conditions within equatorial, regions, the Northern and Southern

Hemisphere summers extend environmental heat-ttress conditions well into the North

and South temperate latitudes (6). Militarily important geo-political regions with

significant heat-injury potential include Central America, South America, Africa,

Southeast Asia, Southwest Asia and the Middle East (6). Physical and mental

performance are degraded with heat stress; incapacitating heat injuries include heat

cramps, heat exhaustion, and heat stroke, a life-threatening illness.

COLD

In 1982, the British evacuated 495 cold injuries (4.7% of the force) from the

Falkland Islands. During World War II, American forces suffered 90,000+ cold injuries,

representing 10% of the total wounded in the war. Those 90,000 injuries resulted in

7,500.000 man days lost from combat, the equivalent of one division lost from combat

for 17 months. This is particularly significant since the mean air temperature recorded
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was -1 C wher these injuries occurred, and some 60% of the earth's land mass is
located in an area where the January low temperatures are below 0°C. Furthermore,

over 25% of the land mass is located in regions of the earth experiencing mid-January

low temperatures below -180C (6).

Climatological data provides another perspective of the cold environmental
threat. Approximately 30% of the global land area has the potential to cause cold
injury. In addition to nearly continuous cold stress conditions within the Arctic and

Antarctic regions, the Northern and Southern Hemisphere winters extend

environmental cold-stress conditions well into the North and South temperate latitudes
(6). High terrestrial altitudes also increase cold-stress even in temperate latitudes.

Militarily important geo-political regions with significant cold-injury risk potential include

Eastern Europe, North America, South America and Asia. Incapacitating injuries
include severe hypothermia, immersion/trenchfoot, and frostbite, a serious injury that

may require surgical amputation.

HIGH TERRESTRIAL ALTITUDE

In the continuing Indo-Pakistani conflict, the indigenous forces of these

countries have been strategically located as high as 5,400 m. Combat personnel
losses are estimated to be about 2,000 since the Siachen area became an active war

zone in 1984 (5,16). An estimated 75% of these casualties have been attributed to

weather and terrain (5,16).

Topographical data provide insight to the potential for altitude-related injury.

Approximately 5% of the global land area lies at elevations in excess of 3000 m where
serious altitude illnesses can occur. Although the total land surface area above

10,000 ft is quite small, major mountain ranges frequently define political boundaries

that are likely areas of military conflict (e.g. the Andes, the Alps, and the Himalayas)

(6). The largest contiguous high-altitude region lies in South Central Asia and includes
the frequently contested border between China, Pakistan, and India (6). Physical

performance decrements are caused by hypoxia, and incapacitating illnesses from

exposure to high terrestrial altitudes include acute mountain sickness and two
potentially fatal illnesses, high altitude pulmonary edema and high altitude cerebral
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edema (1). Cold injury and solar radiation exposure risks are also increased in

operations at high terrestrial altitudes (5,6).

OCCUPATIONAL PHYSIOLOGY AND PHYSICAL PERFORMANCE

Success of future military operations may largely be determined by the physical

capacity and physical performance capability of the individual soldier. Inadequate

physical training can reduce combat effectiveness through performance degradations.

On the other hand, a high level of physical fitness can help to minimize the negative

impact of such battlefield stressors as environmental extremes, combat stress, and

sustained operations.

The development of a highly trained force can only be accomplished through

innovative training programs targeted to the actual demands of physical tasks.

Balanced and efficient physical training programs comprising optimal mixes of strength

and aerobic training are needed to provide the rapid improvement in military task

performance required on the modem battlefield. The following steps are necessary to

produce a physically trained military force capable of performing physically demanding

tasks: 1) establish the physical demands of battlefield tasks; 2) improve physical task

performance through better selection, training, or modification; 3) determine the

performance capacity of the soldier and match it to individual capacity; 4) develop

methods of assessing physical task performance; and 5) identify and quantify the

physiological, biomechanical, and body compositional determinants of task

performance.

Research programs in physical performance are optimally suited to address

problems facing the overloaded, rapidly deployed soldier who must perform in a multi-

stressor environment. These programs are designed to Improve the following: 1)

soldier mobility through a better understanding of the physiological and biomechanical

effects of such factors as speed, load, weight, load distribution, body composition,

anthropometry, physical status, fatigue state, and surface/terrain features; 2) soldier

load carriage capability, by utilizing biomechanical analysis to study load carriage

variables, load carriage equipment, road march doctrine, performance determinants,

training program specificity, and prevention of injuries; 3) soldier performance on other

physically demanding tasks, such as repetitive lifting and litter carriage, by
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biomechanical analysis of limiting factors and risk assessment for injury; and 4)

physical performance and health, through development of weight and body fat

standards.

OCCUPATIONAL MEDICINE

Musculoskeletal injuries negatively impact the Army mission during both

peacetime and combat operations. During peacetime, injuries diminish combat

readiness of units, detract from training and absorb valuable unit and medical

resources. In times of conflict, non-battle injuries erode the fighting strength of the

Army.

Injuries caused by training and operational activities are the most common

medical problem of the peacetime Army many of which can be serious. During the

1980s, injur'es resulted in 20,000 to 30,000 hospitalizations annually (25 to 3b

hospitalizations per 1000 soldiers per year) resulting in 5 to 7 times as many days of

limited duty as all infectious diseases (11). Injuries requiring hospitalization result in

slightly more than 500 non-effective days per 1000 soldiers per year. Physical training

and sports-related musculoskeletal injuries are the leading cause of hospitalization,

accounting for over 12% of hospitalizations. Other physical activity-related injuries

(marching, drilling, jumping, pushing, pulling etc.) account for another 12% of injuries.

Hospitalizations represent only the tip of the injury iceberg. Many injuries, even those

considered serious such as fractures and severe sprains, are treated on an outpatient

basis. USARIEM studies indicate that 12 to 13 infantry soldiers per 100 per month

seek medical care for musculoskeletal injuries, and these injuries on average result in

more than 100 days of limited duty per 100 soldiers per month. The rates are slightly

higher among male Army trainees with 14 to 15 per 100 trainees per month requiring

medical care for injuries. For female trainees the rates of injury are higher still, 25 to

30 per 100 trainees per month. Approximately 50% of reported injuries result in one

or more days of limited duty. Clearly, injuries pose a significant threat to the health of

soldiers and to the combat readiness of units. Recent historical research on the

influence of level of combat on the incidence of non-battle injuries and disease show

that rates can be uniformly predicted to be higher during combat than during

peacetime (14).
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Non-battle injuries (NBI) also compromise the effectivw,,ess of soldiers and
units during armed conflicts. During World War II non-battle injuries caused almost 1
million, I.e., 969,230 U.S. soldiers to be hospitalized (15). Twenty percent of these

NBI casualties were due to fractures and another 18% resulted from sprains. Overall

NBI caused 2.7 times as many hospitalizations as all direct c, mbat wounds and

inruries in World War II. During the Korean conflict, NBI accounted for 16% of all

hospitalizations compared to 23% for combat wounds, and in Vietnam, 14% of

hospitalizations were due to NBI, while 17% were secondary to wounds and injuries

3ustained from combat (13). During Operation Desert Storm only 5% of the medical

evacuations from the theater of operations were due to combat injuries, while 39%

resulted from non-battle injuries (11). Data from past conflicts indicate that non-battle

Inluries significantly degrade the strength of military forces and impair the health of

personnel.

MILrTARY PERFORMANCE AND NEUROSCIENCE

Disease and environmental Injury have historically accounted for 35-50% of

combat casualties and lost combat duty time. Since stress-induced

Immune-%uRpression increases susceptibility to disease and delays recovery from

disease and Injury, the incidence and operational significance of these casualties could

be minimized by reducing operational and environmental stress (4). Psychiatric illness

has accounted for another 15-25% of combat casualties and lost combat duty time (4).

The majority of these casualties are straightforward combat stress reactions, which

would not occur If operational stressors were reduced (3). It is worth noting that many

of these diseases. Injuries and psychiatric disorders have long-term consequences.

The cost of DoD and VA health care could be significantly reduced by minimizing the

Incidence of non-battle injury.

Friendly.fire fatalities are frequently the result of human error. Similarly, a

substantial percentage of battle injuries Is the result of stress-induced impairments in

judgment or vigilance (4). Performance on the battlefield could be improved by

Inplementing behavioral, nutritional, and pharmacological strategies to reduce the

Impact of operational and environmental stressors. This would not only reduce the

Incidence of battle Injury, but would also Improve the likelihood of successfully

completing the mission.
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ROLE OF MILITARY MEDICAL PERFORMANCE RESEARCH

Military personnel are regularly exposed to a vast array of stressors that are
inherent to military operations: danger, death, heavy exercise, sleep loss, food

restriction, lack of privacy, primitive living conditions, separation from family, culture

shock, and role conflicts (e.g., peacemaking without disarmament). These operations

are often accomplished in a context of extreme urgency requiring extended exposure
to harsh environments with minimal protection. There are few civilian equivalents to

this multi-stressor environment (4).

Limited information about performance under these conditions can be ethically
and realistically gathered in a laboratory. Gathering such data in the field requires
extensive liaison with military personnel and exposes investigators to many of the

same hazards their "subjects" endure. The military-unique and critical nature of this
information require that the DoD maintain a corps of scientists and an active program

in this area.

USARIEM scientists are tasked with defining the problem in the field; that is,
assessing the degree and significance of impairment in military performance induced
by exposure to operational and environmental stressors. They are also required to
answer basic science questions on how stressors produce deficits in health and

performance. Methods from psychology, physiology, biochemistry, immunology, and
endocrinology must be applied in an integrated fashion to determine how specific

subsystems are affected by stress. Responsibility does not stop there, however.

USARIEM scientists must convert their knowledge of underlying mechanisms into
practical solutions fo.r reducing the impact of stress on military performance.

Behavioral, nutritional, and pharmacological solutions must be developed and

evaluated.

USARIEM has unique capabilities that facilitate studying military performance
under stress. The Military Performance and Neuroscience Division is unusual in its

ability to integrate basic and applied science programs. The division's research
psychologists are a part of an interdisciplinary team of Institute scientists who have

access to large-scale military training exercises in which intellectual and physical

performance can be assessed in conjunction with biochemical, immunological and

8



endocrinological variables. The Institute's environmental and hypobaric chambers are
capable of reproducing any climate on the planet. Thus, research psychologists are
able to return to the lab and reproduce components of the operational setting under
controlled conditions, in order to test the safety and effectiveness of proposed
interventions. Research psychologists use the division's state-of-the-art neuroscience
laboratories to study animal models of the neurobehavioral, neurochemical,
neuroanatomical, and neurophysiological consequences of stress. These integrated
animal models permit research psychologists to isolate the influence of specific
stressors on the brain, to test hypotheses about the underlying mechanisms of

stress-induced performance deficits, and to develop strategies to reduce adverse
neurochemical and neurophysiological reactions to stress.

MILITARY NUTRITION

One facet of medical threat described in the Medical Science and Technology
Master Plan characterizes the following consequence: severe mental and physical

performance degradation may be caused by energy and fluid deficiencies under the
environmental extremes of the battlefield. The success of military operations may be

determined by which force does the better job of minimizing the negative impact of the
battlefield extremes of heat, cold, high altitude, combat stress, and sustained

operations.

Nutritional deficiencies (e.g., energy --o carbohydrate --o glycogen) can be

prevented and treated only by food or nutrient supplements. The best medical
prophylaxis is food itself. The tailoring of the nutrient composition of the diet can

address environmental and battlefield stress and help prevent performance
decrements.

Military nutrition research Is focused upon the needs to improve and sustain
individual soldier physical and mental performance during military operations despite
the hazards of the combat environment Soldier sustainment utilizing Improved

nutrition tailored to the battlefield environment can increase tolerance for stress
induced by physical and mental fatigue and by extremes of heat, cold, and high
altitude. Military nutrition research Is aimed at developing strategies to maintain
soldier health as well as enhancing soldier performance. Research is designed to test
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the efficacy of nutritional supplements in military operational situations. The overall
goal is to optimize physical fitness and nutrition to perform military tasks. To address

these issues, USARIEM is conducting research on nutritional strategies to enhance
physical and mental military task performance, and on fluid and electrolyte

requirements for Nuclear, Biological and Chemical operations and hot weather
operations, evaluating the Army Field Feeding System in environmental extremes and
promoting peacetime soldier wellness through diet and cardiovascular awareness.

GOALS

USARIEM's principal goal is to elucidate complex interactions of environmental
stress and the body's defense mechanisms From such information we propose.
develop and evaluate techniques, equipment, and procedures most effective in
ensuring that soldiers are operationally successful. Other goals include developing
biomedical techniques to sustain health and enhance soldier performance through
advances in physical fitness, exploiting nutitional strategies. pharmacologca
interventions, ergogenic aids, and other novel biotechnological approaches
Additionally, the Institute conducts physiological assessments of moed"al defense
measures developed to protect against chemical battlefield threats

While the goals of the Institute have subtly changed over the years In keeping

with evolving Army roles and missions. earty objectives remain important In tact, one

could argue that this mission Is even more relevant for the warfighter of the 21st

century than it was in the past. Army Field Manual (FM-100-5. June 1993) now

devotes an entire chapter to the Importance and influence of environmental extremes
on combat operations. Statements from this chapter such as U.S Army forces must

be prepared to fight and win on short notice anywhere in the world, from blistering
deserts to frigid wastelands, In rain forests, tundra, mountains, jungles and swamps,
urban sprawl and all types of terrain in between" lay testament to the imporance of

USARIEM's mission and goals.
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SCIENTIFIC STAFF/ORGANIZATION

One of USAFU EM's most important assets is its mutb-6cipinary sutaf of
approxwmately 160 ridividuaWs w~ud~ing over 50 Ph D scientsts. board corvfd
physicians and veterinarians, Thoe. scientists awe vaenabonalty reeogrued for their
technical and soonienft acconphshnMes C*oactvety. LISARJEM has more rhan 1 .500
sciontift publications in www~onmentaI-exerctse biokogytpliys*oog In addaton.
USAPJEM has by Wa the largest group of humaYan onvvorvintai sontists located at
any single insbiutton Wi the world This wassectais *cnw5al mass* comnbine with
excellent reseach facihtes gives LISARIEM tie ~wrque capab&L1y io rapd1y fespond to
unanticipated OoO tasljngs

Over the years USARIEM s staff has becoae dfleraboay rocognmzea in a
number of research are*as or *cote co Vpsterlces do Vte rea, of enwonnemaal
physiology and mesdicine, Wourd which Vie lInsbtiA was founioed Othm w eas
include environnmental psewohysaolog. comparatove physma"g. and f.s 10CM11y. a
strong emnphasis on occupational1 physxft"g arnd modmwte

For example. dur"n Opermion Dowee Shaldom~. USARIEM conducted sa
tasked studies, answered 13 fonu wirdmtaon re~ess. hold fum*ie conv~otabone.
and wrote several guidance docufemia (updaed FM 3-4. cw*WtuWd lo Tmft%"cs
Notes W01 and 90-2) Recerty. USARiEM has provded MWftm guidance tow
deploy*Men lo Somalia (heat stress ptobet'w) and ponkft I.Viory"eIt o the ormmw
Yugoslavia (cold & Mfatude) No u~vore"~. private con~sV" ot otimergovenmnt-
(U. S or foreig) Wkboratory has tie staff. Ofc~e on QU M& ~Wfy nW10edge SID even
rrmemtey match these capabiltoes in 1ie orw. ms 0h . '~ysiology/medwone domain

The close assxoiton of USARIEM weit NADEC provides a combined
knowledg and lechnical vtpertfse in dio"w systems. themo bioprhysic bsmed"ca
"engeei". blophysica mawot~a odeki thatl W ixqalod any~whe This
syniergialk consolidatlon of techica staf of both nwmmrch otga~zations. provides a
C~ne of Eiscefloence for sober ssteas The N9F)EC haes been desgnated as tie
Soklder Integrauon C~~r A~wugh WKSO" ~W~sibs and labow ISMi VvoughoA
IIIe ovrl Mol be come upon go ae&M rw0owv P1~ ,ie the Special requireimet



of a crfMcai ffass &f scuwvki eApertws tw rapd intotmraton access in wn~e of nowd
can orgy be fut~lid byt scwrnsts cosiocaiea aro on ieseaicr at Natmc~

in order 1o most &ffwtscte AIWze as, ~eseaavc stafr s Apemtse USARJEMI is
organized into three rs...,ct ditgctoai. EIW~vvvNeVWa PatV% *ySADJogY.
Environomental PhtysKoogy and Meoacwwte and O~cCiabwWa KaJV" and Pwornxmance
Thoew divectotates Conduct Wefv'oogy-taso resewvti, wacntiate rnsc*w)1hnary
approaches to proower SoDNaV anid e." " loveraSed caaabolaiw w0A %t'v
wwaservice and ~serwvice orgavimamcon to accrYhsm LSARJEM s rfss.orn

FACILMES

NATICK CLIMATIC CHAMSER COMPLEX

Scerutsm at USAFREM hwv accmw to iw N9()EC Do"o OCmatc C*hanomi
Complex Wrch has boon declared a vwesorml anWe by 1w U S C~nrss The"
wre 1he Wagest Noman reserch chmat~c chwtws o W 1wamnd A 19 mrW~lcn doflat
fveriovab of to"s facilmeis now WVri ccWro~t WtWn V"' Mcofy"e VWe at*
two large ch~ambers (110 mm9 1w! can Mswv0 -0-u"os how"e 12 &iAwnc~ k"t of
oimwlated het or cold owierns tewV lm po6tii@ I in - 3:1t Vm w ..eme two ot~w
" omltr cl~matic cP'erribm in the DoIoS Cmtvl L w ~ w 9" tpl CbfIatc
conditions can be pvecsseV car*~Ie -srC wo emCC w0m .v or 0 6 to 64 hp a
capability wN~h cannot be dugilcetd a~riwe, eseo on 1 Unwed &Sms Thawe
facilubi awe uWe by UUAREM wo cadond ft 1ovwm ffwdca miwnv "s wI as to
Support cloiwvi developers *amn NAME aVi to Orwr fto *wvca in sccotftne
wMt AA 40.7

USAAhEU CLIMATIC CAMOaERS

USARIEM has wWa~fVw ant ciiwtc CwWo ctw'~s %w huiw~ and anamal
expevrwtmewbo Scierssi hove Oo-oft acmef Io 13 clmsbt chwergx -10-C Io

.W*C. an* "oner w'vnro iofllbn uo 4 10 40,c. 3600 Om ami two
Vvypobarlc ctimbrws 450C to .434C. baronb~c pneswe 9quivaW@M lo 684 m FPme
of Miae clirmatic ct~wonbrs hfew renVIy widerone co"fie nvovabn Induxfed is
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Ihotyhuman-rated hypoowac ctharnbm taci~ty in vwe Lunted States, capab~e of
conr~ohNg both aftitu and U'iemal CoviOainh T"i abows the study of Conb~ned
avaeoss such as cold an aftuiud as ffwy nabsaay ocw~ In ackdWo. Vuas hypobaric
faciity is the only one in th wond VWa can s~itnuate we~ons of batronw&M prssuro

and inorf lMnporaluee rId do*posvw bf oeivawons as highi as Mount Evores. ie.
(S,608 m) USARIEM aso has on* of the v"r Sew cimures wftcih can be used to
rapcdty change chmnabc conditons (taffp.~ wnchi~ts usefti kx specific ciottwg and
PAYWOgica "I"d

OYTHER UNKIOU FACUIMIE

There are several oeirw prvywacate r oo~s eyaAazve kx po~vi Tr..Sarvaco .wits
witae o,,Jy avalabo witmin LISARJEM or NPOEC These omj4 .wsatng

V'ierrmiosgulavovy hot plat". comvkAer CmO?4d~ tegoteWft heat"d Copp harlds.
coppe 9eetK arid Aniculabed Oww*J mevhbtwi to owhskjo tabncs (wvjM a speaaity
Constructed ChIWWC CtIWIet). 'spc** Ilbee' aW4 Maierleh bmr es~c sanfvfs to
loWe systems (henOdwer. ~Owa~ " spid ~c-a cO~wVa SwecsonaD and wAawd
copper rmanikwi evsalseons of teVvmW teesiarico ywo1 viul ptodcsorns of hoaw Ios
from humanow These pto'vie DoO wI" lie cove resources noceawy kw vw icv
dovqftpinert of toflasIe pr"vedcv Rwl of sa~w piw *uv- e These ats
his" b~ tepeetocty usw in Tri-Servw ofx go .obsh~f pow"ia coo"n
aflcincy iw a Dk.iwn on f hocal viemi rsepsuro in a vwenev of coewmg and

veftular system*

ACCOMPLUSHMENTSAMPACT

For ft oftx a&i4 acCOmiu s *"ecoy .i~vc*n U S ghwng %xa
L1SAAIEM Nis tecerved m"rr softmsoni of cussamsr sabeacw' and cowlmf
of conolnued supportw Its ~%fi Ov ro Vweyas. ISAP4EIJ has wesatakwited a
rspouan 0 WV6uh Dco ltw ppv~v*i YW". soievwonuusd. pWweven medicmn
*Oulocne to proberi enOwved vwtl doo"mw lo nl~um3Ry harmi awwoi.

In August 1900. when Sa Hussevin Inva KuAOW. liW C4Mmeider Of
tie USARIEM. Coixiel Gerin1 Knisget. murnald he MRa "ri he chelenged lien
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to provide the most critical medical guidance to U.S forces depwying to the Kuwaiti
Theater of operations. Initially. a 16-page summnvary paper enSuted *Environmental
Medicine Support tor Desert Operations Practhcai Gumlance and Suogestions for
Deplloyment and Survival" was prepaiea Si.asequenty. tuis Gocumen! was distrsbuted
widely and sered as a "y wouce of wilonriaton by othw erwv~ces as "Il as NATO
torce. Lawe, a request was recaved from Vie Office, of in. D"u Cru~et of Staff for
Personnel, dated 30 October 1990. SutieCtr Otsiwaori of Med"a Information to
Deploying Units, the statt of the USARJEM uien ptoaxed VSARaEM Tocfn"ca Note
91 -1. Sustanina H#Attm ad Pertforance2 in v,.Dee Ermf20Vnrjerna Megocin
Guidance tor Doeratigns in2 Soujr'etS Asa I Decembte 1990 Cop-es of trws

guidance were asstroosoe to the, A" Staf MAjot Coenvr~anm arw devioyaing uvits
Thom Vice Cmsef of Staff of trne Army. Genera Goiwn S~,S4van responoed Wtv a

second challenge to USAFRIEV, Rlecce witi tectw~v'~ rt.9 io a poxe*mesz* docour¶*fl
for platoon leador s and platoonsrgewants to Vuesnae ~ Cbca"l vinormaston to
their soldiers. On 19 Decembeor 1990 ths Baue Nons Urwtorm Pocketlsz* docu.mont,
IJSAAIIEM Technical Note 91 *2. won produed &V~ osvAe and has sme~ beri
credited a" an wnponrtat bctov in the ultrwmroy how ncxwwo of rwat casuattbs during
those, operations

Since the distr uon of wl-* Irst ep~yr W,41 gumoe ow vuita"Vw twa"V and
performance wi harsh eriitavomwenim. LSARJEM lies estm*~tw a vuluxi of prov~dlng

trimely ir~nuoMaon to depocytrl urists The tc~a of thus ~ioftmmimn has bee ic
susaIn,. protec and enhance tiW heel h and pevfriwwte of "h werfghtw saos Vie
operational continuum Folowing Vie orguiu deIo~msv guie lot Opeation Desert
Shield/Storm. USAR1EM has produced sevw*a A4dcItW de0 ItierIt 94pes The
deployment manual. "Sustaln"i scowde HOMee a" P. -Wmanc* on Somai~a .. was
distributed to deploying vwops in Decomber of I9 M WO. over 20-000 of these
manuals *wee crested. Printed and distrAtuad w4hnV tV55 woe"k of t&5*uig- to VWe
soldiers of the Operationi Resone mop* joint Taih Forte, For the expedent
completWo a&W toe operhtlorof matl of V" ff~n LJSA.R3EM haN beri
commende

The USAR~EM dep vow 1entmarii. *Suqw"iri HlesM and Peviormanc@ inVe
UodK* was distribied to urnia twougtuou tie Aimy In January of 1993. a related
mfanul *Susftmii Meelt arW Perfonwvm.nce in tie Forer- RePublic Of YugoslavWa
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was distributed to units in Germany and Yugoslavia in anticipation of cold weather

operations in " Former Republic of Yugoslavia Units in Alaska have also received

this manual. Most recently, a deployment manual, eSustaining the Health and

Performance in Hai." has been compleKed and distributed to troops deploying in this

area. In addition USARIEM has prepared and distributed medhcal officers handbooks

which provide the latest guxiance tv medical personne.Vstff regarding the prevention,

identification. and teatnen of heat. col, and aitrude "inunes/ilness

The theme of protecting, susue and enwncv the health and performance

of wafulghtois is not bmdWte to traarung mrws or modc Nwidtoks The following

accomplishmernts ate indicative of the USAPREM researcti tocus and impact in

sustaining the sohl.td-systtm

Demonstrated Mat a moke pasw aw ama loam tIeid o .lsdoe.thoool

ankle brace reduces th inctdonce aM severity of parwxhuw 3*V wlunes In rnne

Fort Beninrg a•ibo'ne classe", can1idel wwing tie brace (22-000 lunps) reported

52% fewer ankloe stram' aW 90% few-r anie kac~rwes Teot"g owvs wh tie

92nd Aorborne Oivtswn and I 0th Special Forces (SF) Group riprV with " tactcaj

losds

• Codce Iwo %if.tagency. OA- C V medcafy
asses the Army1 G-weel Ranger Va &Mi quaOcaon course Thse seudes

demonsrdated tMat a modest Oetary ioika4ion (15% se in clones p' Ydec!)

decressed weigt "us of Rarger frmwwee.. mat1~d~y is" deaweryf an body
COmpOsoVn, metabolism a wvnune b•rW'. and devoesed medcsa anttion As a

result of USAR)E'Ws rec-- s. ..vw Parger Tmewg Briga•de otn ned
e~eIve changes such m- adrig physicn assman Io We MR of each trann
center. plerio n medic morimi anid propyect WY ovenwi, a
wicreming th ood supled "vng smmer F'ed Tbmng Esercxsm

• eterm Ve Wt u s o• ie Fort BrMgg SF vmNoeil and
Soleclon Cow me ~ re in *I a% derese In body waW a 2e% reduction in body

fet and sI-nfcn sppressed Wrivnowe kocton. Woom"a~ Ve rftk of infebton
Fu~ta m rch s Oaresed ,Mti F Kennedy Specil Wamie Center & School
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(JFKSWC&S) is currently making course adjustments as a result of these important

findings.

0 Developed road march-tirne estimate tables for the JFKSWC&S to

provide planners with eStimates of maximal effort road march times for SF soldiers

carrying heavy loads.

0 Demonstrated a front-and back-of.body carrying pack reduces the nsk of

inlury, back discormfort. and energy requirements in SF sokders carrying heavy loads.

compared to the stan4dd Army kSsue backpack

* Demonstated a bquwd carbohrydrate supplement increased physcal

performance (ruv-eo-ex@austwon times) in SF so&,ers consurrung eneigy-dense hogh-tat

rations in & collaborave study conducted at t" Lo~a&na State Urvves" Pennington

Research Center

• Demonstrated Mat oral mtaitonn. a pema giand town. may be an

important stabilizer of sleep schdu'eAs i napd e e and contrnoru operabons

Molatonin treatment of SF air and g'!rod avWo Cie*% prevented vglanco

decrements and permited longer Weep Thi SWY im done in coabotabon v•th

members of Me U S Army Aewornedical PReOmh Laboratoy and the 160t SF

Aviation Task Force

• In an ongoing study of heal 0*6 & V Pawfs 1uia Mainne Cors

recruits, idenUed new and unexpected suicam no bfl w kacOs exwUbnal heal

illnes. Of particuL4a igif.,lance we VtW &cV•• s that th &cbviy and wt

conditions on he preceding day wqre IiIqrtI , p ,e1rs of V* nsk of &ess. and

tt female recruits have labotoaory fvtSnc of heat o Ass w,*Mull t dramiabc

clinical preasntation n W mile rwruft Thse s help to esuah practcal

method for wiury or lss 0 ThM PXnWW work is bing

aM Icaoraon with members of the Lored Se Uvert" o

OWe H90J11 Sciencs and the Marin Ca"p Tra~*ig Cornie at Parri 1gland

0 Eaine IVW#ycerol ingeston as a *hypert &atg ergogenic aid to detay
tIe dev9Iopment Of dehydraio and sustain healt and performance In UVtrMe
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environments. Laboratory and field experiments begun in FY 92 will continue through

FY 95.

0 Compared thermoregulatory responses and performance of soldiers in

Mission Oriented Protective Posture and Soldier Integrated Protective Ensemble

(SIPE) during NBC Operations in support of NRDEC Advanced Technology

Demonstration (ATD). Provided expertise to Program Manager-SIPE for component

selection and ATD test plan development. USARIEM co-investigators assisted in the

SIPE-ATD field demonstration at Fort Benning In addition. USARIEM conducted an

independent study validating earlier findings

* Completed heat strain pfedicton modeling of tie U S Army Aircfew

Uniform Integrated Battleheld flightsuit over an Aircrew Microclimate Conditioning

System for NRDEC and Army Matefrol Command

• Completed copper mrnlin and heea strain modecing on NATO chemical

protective ensembles for The Tecthncal Coordinraon Panel member nations who now

use USARIEM's data base lot forecasting Establused V•e Test Operatibona

Procedure agreed upon for subsequent VwermaJ strata evaluation of cand4ate uniforms

by these five English speaking natons

* In coopetwaton wtt NROEC a Ve Technology Base Executve Steernng

Committee Soldie System Modeing Work GtoW. a high temrporal resouton Vmai

strain prediction model is b"in Red *Wm Ve Integrated ULW Sdmuation

System (JUSS) Thss capabilty wili permi leaton of Tmibple stressora on individual
and smell-unit performance oi a wide range of mniaary scuranos

The IUSS models V* e FRmt and oc tw helth impacts on

Individuals and units engaged in miltay opefatX)lh The IUSS ptedicts e skin and

core temperature and Vie heeM rate. AMd extrpoliel Vie perenage of vidwivdual and
unit degradation in a baleffield operating system task Ksenaro Today Vius modeling

system allows Vw tactcal com-aMnde to simult missmom and to belter understan

Vie humn~ element. toe sokdir Another really of "ie IUSS a Ve factw at ft most

critical system on Vie tmttle~eld is Ve soldlier-system The most sops1cated weapon
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systems in today's battlefield are incomplete without the sustainment of the health and

performance of the individual warfighter who operates them.

Today the IUSS performs mission simulations in both stand-alone and

distributed integrated simulation compliant modes. In the future, IUSS, or a similar

system, will be of great value to the tactical commanders who will be able to utilize

this real-time planning information. These technical advances will move U.S. forces

closer to "owning the environment.' Course of action analyses will be enhanced to a

new dimension, since the level of sophistication in intelligence preparation of the

battlefield (IPB) increases directly. The result will be that the tactical commander will

be able to more accurately predict individual and unit performance capabilities. An

added value will be to identity the most opportune time to commit U.S. forces and

influence the outcome of the operation. Incorporating the impact of ergogenic aids to

IUSS will provide another level of sophistication and further enhance the capabilities of

the tactical commander.

The unique collocawon of NRDEC engineers and USARIEM biologists nd

physicists has resulted in "e development of a sophistcated syslem to evaluate the

potential thermal strain of clothing systems Numerous advanced clothing

evaluation/termal modelng efforts fufilled fot the Tn-Services provide cost-effective

benefits to the government: 1) The developer can reduce the number of redundant

military clothing prototypes required to field personnel. 2) Texml)e items can be utilized

for mult~ple model tests during a gren selecton proces. 3) Ra&Md access biophysical

evaluations using specific thermal devces allow an the DoC Serices to be kept

Irformed as to what is avalable in th commetcial market should current stockpeles of

handwear. footwear, and clothing items need to be supplemented during large scale

mobilizatlons, 4) Natick Cornmbned Laboratoies' unique role in off en technical

expemiso as an Widde" 0.1 contract evalualor alklws disinterested techniocal

Judgement on many contract reIolutons

SUMMARY

USAR)EM saiff and %fte couped with the NRDEC Doriot Clmatic Chamber

Compl1 provide a world class resource to stuy anid develop countermeasues to



environmental and occupational threats to U.S. forces. The Institute and its staff are

held in high esteem by industry, academia, and other government laboratories. This is
true because USARIEM has the only broad-based and integrated program
(engineering, performance physiology with prediction modeling) capable of solving the
complex problems relating to military deployment and operations in stressful

environments.
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